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Fix. A.1.13

Switching Loadline Characteristics: Uce ws, Ic
for Turn-off of Pouer Trans. with Inductive Load

cU'v

[V
"D ®

d

v

rw\

-
-

T

L o

L o

<+

-l

4

25 U-div



91°'Vv

wp o

|

i vo=~=0O

LY

Fiv. A.1.14
Uces vs. lc for KD32-4516

A

46

60

80
COLLECTOR CURRENT-amps

100

For.
oain

25
56

108

X+
~J
w



LTV

DL ~TMOOCO

185

165

135

145

Fig. A.1.15
Hfe vs Ic for KD324510 for Uce=3U @ Tc¢c=35 C

) 70 ) 36 108 118
COLLECTOR CURRENT-amps



Diode recovery and dv/dt test for KD324510
Upper trace: Base open
Lower trace: Base reverse biased

(Scale: horizontal 1 us/div; vertical 20 A/dav)
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A.2 Test Data for Westinghouse DA11503008
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Fig. A.3.16 Diode recovery and dv/dt test for ETN81-055
Upper trace: Base open
Lower trace: Base reverse biased
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A.88.16 Diode recovery and dv/dt test for ST200M
Upper trace* Base open
Lower trace: Base reverse biased
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APPENDIX B

COMPARATIVE TEST DATA OF SWITCHING TIMES CHARACTERIZATION

OF BIPOLAR TRANSISTORS
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B.3 Comparative Data for Westinghouse DA11503008, Mitsubishi
OM300HA-H, Mitsubishi QM300HA-2H AND Toshiba ST300M21

B.20



I et

[ AN

Cr W C ™SO R

Fig., R.?,.1

Ton vs. Ic COMPARATIVE DATA for Gf=50 and Gr=56

I

- v 0 GMZOBHA-H
¥- . * QM30BHA-2H
1.8L ¥ §T386M21
1.6]
1.4L
1.2]
% X
1 _ B [ F 3 2 I3 N}
190 210 238 250 270 298 318

COLLECTOR CURRENT-amps



[AAR:

(O I U T i B o O T 177 2L bt =

S I A I 1 B AV
3N 00y N W

AV I AN AV (VI (v
Ll AV

(998
o @

Fig.

R.3.2

Ts vs. Ic COMPARATIVE DATA for GF=58 and Gr=56

r-
! + DA115032008
0 @M308HA-H
- , % OM300HA-2H
i % ST3I00HZ1
I
i )
N
- —%
" X
L g— —
199 510 530 359 579 599 310

COLLECTOR CURRENT-amps



£€c'd

11 ST bt =

Co g ™ Coee B

48]

AW

T

rg.B.2.3
T¢ ws. Ic COMPARATIVE DATA for Gr=59 and Gf=506

Lr115632608
CM3BOHH-H
VM3BBHH~-2H
ST3volzt

+
- 0
¥
\-J
- —
M N
L
3 Y,
A ™
I
-
r
4
g o
- 'y A <4 A J
So 219 239 259 279 2390

COLLECTOF CURRENT-amps



VAR

<crxomzZm

| W

Me.B3.3%.4

Qon(tot) vs Ic COMPARATIVE DATA for Uce=308V and Gf=50

+ DA115630608
0 QM286HA-2H
¥ ST386M21

10 530 550 570 599 310
COLLECTOR CURRENT-anps



¢ d

-orxamIZm

-3

A A A AV I A I VIR A I IR AV IR AV A

WO bt et et bk ek et bk bk e e \3I PO I TO O T

(AL AV (VI AU AV o RNE i VIR AN I S A I « R NI« IV I o~ SR AVIR IV I 2 B o

2
2
2
2
2
2

8

-3

(4

&

=

~
1

T

L

Tg.D.2.0

Qoff ws Ic COMPARATIUVE DATA for Uce=300U and Gr=50

+ DR11563608
0 QH386HA-2H
¥ STZ88M21

!
N
R
b
™
=
-
I
g6~ Z19 330 359 579 539 310

COLLECTOR CURRENT-amps



9¢°d

~tcrARAmMIIm

—3

14V}
-l
v

AN
I
[4%)

[
~J
AX]

-

[
A\
1AY)
T

~J
N

g, B.35.6
Qtot vs Ic COMPARATIUVE DATA for Gf=Gr=50 €@ Uce=306U

A

199

AV
ol
(o)
(Y]
[
o)

516 539 559 570
COLLECTOR CURRENT-anps



AR

Wi e

<

Vi v+

W

™

AV

4V

I

D O O O G ke pr pes s s

Fio, B.2.7

Uces vs.

Ic

COMPARATIVE DATA for Gf=50

+ DA1156320868
0 @M3IBBHA~-H
X QM3BOHA-Z2H

3
6
4 ¥ ST308M2 1
2
g
6?‘
4K
2
g

0— —5— X
8 - e
6
4
2
198 31 530 359 570 59 '

COLLECTOR CURRENT-amps



« W O L

qJ
oo o g oA
AR R A AV I AV A R AV

A

8¢ d
—HTZTMROOCCS
bW
AY)

AT

ol O e |
W &

ANERASERAY

Gl

AN

(OB B o n R B W R I W A I N

IR AVERAY

[ A I A

A\

Fia, B.3.8

Hfe vs Ic COMPARATIUE DATA for Uce=3Y @ T¢=35 C

"

+ DA11563008
0 QHM38BHA~H
% QM3BEHA-2H
¥ ST366H21

) 158 150 150 519 540 379 350

COLLECTOR CURRENT-amps



B.4 Comparative Data for Toshiba ST400G and Toshiba ST400G21
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APPENDIX C

TEST DATA OF PARALLEL OPERATION OF BIPOLAR TRANSISTORS

C.1



C.1 Test Data of Parallel Operation of Fuji EVM31-050 at Tc=30°C
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Fig. C.1l.1.

Fig. C.1l.2.
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Total collector current (IC ICl ICZ) of
two Fujil EVM31-050 devices connected 1in
parallel at IC=lOOA
Scale: 20 rs/dlv; 20a/d1v
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GND

Total base cLrrent (I —IBl+I ) of

B B2
two Fuji EVM31-050 devices connected
1n parallel at IB=5A

Scale: 20 rs/dlv; 2A/d1v
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Fig. C.1.3. 1Individual base currents (IBl and IBZ)
of two Fuji EVM31-050 devices connected
in parallel at IC=100A; IB=5A and Tc=30°C.

Scale: ZOrs/dlv; 2A/dav.
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Fig. C.l1.4. 1Individual collector currents (Ic and Ic )

2

1
of two Fuji EVM31-050 devices connected

1n parallel at Ic=lOOA; IB=5A and Tc=30°C.
Scale: 20wus/div, 20A/daiv.
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Fig. C.1l.5.

GND

Individual collector currents (Ic and Ic )

1 2

of two Fuji EVM31-050 devices connected
in parallel at Ic=100A; IB=5A and TC=30°C.
Currents are shown to overlap.

Scale: 20ps/daiv; 20A/div.
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Fig. C.l.6.

Total base current = +
(IB IBl IB2

two Fuji EVM31-050 devices connected

) of

in parallel at IB=10A
Scale: 20ms/div; SA/div.
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Fig. C.1.7. 1Individual base currents (IBl and IB2)
of two Fuji EVM31-050 devices connected
1n parallel at Ic=100A; IB=10A and Tc=30°C.

Scale: ZOrs/dlv; SA/dav.
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Fig. C.1.8. 1Individual collector currents (Ici and Ic )

2
of two Fuji LVM31-050 devices connected
in parallel at Ic=lOOA; IB=lOA and Tc=30°C.

Scale: ZOms/dlv, 20A/dav.
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Fig. C.1. 9.

GND

Individual collector currents (Icl and Ic2)
of two Fuji EVM31-050 devices connected

in parallel at Ic=100A; IB=lOA and Tc=30°C.
Currents are shown to overlap.

Scale: 20ps/d1v; 20A/dav.
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Fig. C.1.10.

) of

Total collector current (I

= +
C ICl IC2
two Fuji EVM31-050 devices connected 1in

parallel at IC=200A
Scale: 20 ms/div; 50A/div
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Fig. C.1.11. 1Individual base currents (IBl and IB2)
of two Fuji EVM31-050 devices connected
1n parallel at Ic=200A; IB=SA and Tc=30°C.
Scale: 20rs/d1v; SA/dav.
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Fig. C.1l.12. 1Individual collector currents (Ic and Ic )

1 2

of two Fuji EVM31-050 devices connected
in parallel at IC=200A; IB=5A and Tc=30°C.
Scale: 20ps/div, S0A/div.
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Fig. C.1l.13.

Fig. C.l.14.

GND

Individual collector currents (Ic and Ic )

1 2

of two Fuji EVM31-050 devices connected
1in parallel at Ic=lOOA; IB=10A and Tc=30°C.
Currents are shown to overlap.

Scale: 20rs/d1v; 20A/dav.

GND

GND

Individual base currents (IBl and IBZ)

of two Fuji EVM31-050 devices connected

in parallel at Ic=200A; IB=10A and Tc=30°C.
Scale: 2OFs/d1v; SA/dav.
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Fig. C.1l.15.
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Fig. C.l.16.
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e oo i

Individual collector currents (Ic and Ic )

1 2

of two Fuji EVM31-050 devices connected
1n parallel at Ic=200A; IB=10A and Tc=30°C.
Scale: 20ps/d1v, 50A/dav.

GND

Indivaidual collector currents (Ic

and I )
c

1 2

of two Fuji EVM31-050 devices connected
1in parallel at IC=2OOA; B=lOA and Tc=30°C.
Currents are shown to overlap.

Scale: ZOPs/dlv; SOA/d1v.

C.10



Bl

B2

S T BT T

dulid famey (i

S~

i
t
:
I
I
.
1
i
g

- am,
Za

Fig. C.1.17.

J

A T

S oan

HENEEEERm )

Total collector current (IC=IC1+IC2) of
two Fuji EVM31-050 devices connected 1in
parallel at IC=300A

Scale: 20 rs/dlv; 50A/div
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Fig. C.1.18.

Individual base currents (IBl and IBZ)

of two Fuj1 EVM31-050 devices connected

in parallel at I =300A; =5A and T =30°C.
c B (o

Scale: 20rs/d1v; 2A/div.
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Fig. C.1.19.
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Indivaidual collector currents (Ic

and I )
c

1 2

of two Fuji EVM31-050 devices connected
in parallel at Ic=3OOA; IB=5A and Tc=30°C.

Scale: ZOrs/le, 50A/div.

GND

Individual collector currents (Icl and Icz)
of two Fuji EVM31-050 devices connected

1n parallel at Ic=3OOA; IB=5A and Tc=30°C.
Currents are shown to overlap.

Scale: 20rs/d1v; 50A/dav.
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Fig. C.1l.21. 1Individual base currents (IBl and IB2)
of two Fuji EVM31-050 devices connected
1n parallel at Ic=3OOA; IB=10A and Tc=30°C.
Scale: 20ps/d1v; 2A/dav.

C1

GND

c2

GND

Fig. C.1.22. 1Individual collector currents (Icl and Icz)
of two Fuji EVM31-050 devices connected
in parallel at Ic=300A; IB=lOA and TC=30°C.
Scale: 20rs/d1v, 50a/dav.
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Fig. C.1.23. Individual collector currents (Icl and Ic2)

of two Fuji EVM31-050 devices connected
in parallel at Ic=300A; IB=lOA and Tc=30°C.
Currents are shown to overlap.

Scale: 20Fs/d1v; 50A/div.
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C.2 Test Data of Parallel Operation of Fup EVM31-050 at TC=100°C
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Individual base currents (I and IB

Bl 2)
of two Fujil EVM31-050 devices connected
1n parallel at Ic=100A; IB=10A and Tc=100°C.

Scale: 20rs/d1v; SA/daiv.

GND

GND

Individual collector currents (Icl and Ic2)
of two FujiL EVM31-050 devices connected

in parallel at Ic=lOOA; IB=lOA and Tc=lOO°C.
Scale: ZOFs/dlv, 20A/d1v.
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Ie2
GND
Fig. C.2.3 Individual collector currents (Icl and I 2)
c
of two Fuji EVM31-050 devices connected
1n parallel at Ic=lOOA; IB=10A and Tc=lOO°C.
Currents are shown to overlap.
Scale: 20ms/div; 20A/div.
1
GND
IBZ
GND

Fig. C.2.4 Individual base currents (IBl and IBZ)
of two Fuji EVM31-050 devices connected
in parallel at Ic=200A; IB=10A and Tc=lOO°C.
Scale: 20ps/d1v; SA/div.
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Individual collector currents (I and I
c c

1
of two Fuj:i EVM31-050 devices connected

2

1n parallel at Ic=2OOA; IB=10A and T =100°cC.
c
Scale: 20ps/div, 50A/div.

GND

Individudl collector currents (Icl and Icz)
of two Fuji EVM31-050 devices connected

= ; = =100°C.
in parallel at Ic 2004; IB 10A and Tc 0
Currents are shown to overlap.

Scale: ZOPs/dlv; S0A/dav.
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Individual b
ase currents (IBl and IBZ)
of two Fuji EVM31-050 devices connected
in parallel at Ic=300A; IB=lOA and Tc=lOO°C.

Scale: 20rs/d1v; SA/div.
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Individual collector currents (I and Ic )
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of two Fuji EVM31-050 devices connected

1n parallel at Ic=3OOA; IB=lOA ana Tc=lOO°C.
Scale: 2Ops/d1v, 50A/daiv.
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Individual collector currents (Icl and Ic2)
of two Fuji EVM31-050 devices connected

in parallel at Ic=3OOA; IB=10A and Tc=lOO°C.
Currents are shown to overlap.

Scale: 20rs/d1v; S0A/dav.
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APPENDIX D
TEST DATA OF RBSOA CHARACTERIZATION
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D.1 Test Data of RBSOA of Westinghouse KD324Z10

General Remark for Appendix D:
The voltage and Time Scale are Referred

to the Large Divisions of the Display

D.2
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Fig. D.1.1 RBSB behavior of the Westinghouse KD324510.
Test conditions: Ic = 20A; IBR = 2A;

IBF = 2;4;8A.
Scale: 2 us/div; 100vV/div

ov

Fig. D.1.2 RBSB behavior of the Westinghouse KD324510.
Test conditions: I_ = 20A; I = 3A;
c BR
IBF = 2:4;8A.
Scale: 2 us/div; 100V,div
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Fig. D.1.3 RBSB behavior of the Westinghous KD324510.
Test conditions: Ic = 20A; IBR = 8A;

IBF = 2;4;8A.
Scale: 2 us/div; 100V/div

ov

Fig. D.1.4 RBSB behavior of the Westinghouse KD324510.
Test conditions: IC = 40A; IBR = 2A;

IBF = 2;:;4;8A.
Scale: 2 pus/div; 100V/div
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Fig. D.1.5 RBSB behavior of the Westinghouse KD324510.
Test conditions: Ic = 40A; I = 4A;

BR
IBF = 2;4;8A.
Scale: 2 us/div; 100V/div

Fig. D.1.6 RBSB behavior of the Westinghous KD324510.
Test conditions: I_ = 40A; I = 8A;
c > "BR ’
IBF = 2;4;8A.
Scale: 2 us/div; 100vV/div
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Fig. D.1.7 RBSB behavior of the Westinghouse KD324510.

Test conditions: Ic = 60A; IBR = 2A;
IBF = 2;4;8A. .
Scale: 2 us/div; 100V/div

ov

Fig. D.1.8 RBSB behavior of the Westinghouse KD324510.

Test conditions: I _ = 60A; I = 4A;
c BR

IBF = 2:;4;8A.

Scale: 2 us/div; 100V/div
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Fig. D.1.9 RBSB behavior of the Westinghouse KD324510.
Test conditions: I _ = 60A; I = 8A;
c BR
IBF = 2;4;8A.
Scale: 2 us/div; 100v/div

ov

RBSB behavior of the Westinghouse KD324510.
Test conditions: IC = 80A; IBR = 2A;
= 2;4;8A.
IBF 2; '
Scale: 2 us/div; 100v/div

Fig. D.1.10
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Fig. D.1.11 RBSB behavior of the Westinghouse KD324510.
Test conditions: Ic = 80A; I__ = 4A;

BR
IBF = 2;4;8A.
Scale: 2 us/div; 100V/div

oV

Fig. D.1.12 RBSB behavior of the Westinghouse KD324510.
Test conditions: Ic = 80A; 8BR = 8A;

IBF = 2;4;8A.
Scale: 2 ps/div; 100V/div
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Fig. D.1.13 RBSB behavior of the Westinghouse KD324510.
Test conditions: I_ = 100A; I = 24;
c BR
IBF = 2;4;8A.
Scale: 2 us/div; 100v/div

ov

Fig. D.1.14 RBSB behavior of the Westinghouse KD324510.
Test conditions: Ic = 100A; I R = 4A;

B
IBF = 2;4;8A.
Scale: 2 us/div; 100V/div
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Fig. D.1.15 RBSB behavior of the Westinghouse KD324510.
Test conditions: I_ = 100A; I = 8A;
c BR
IBF = 2;4;8A.
Scale: 2 us/div; 10Wv/div
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D.2 Test Data of RBSOA of Westinghouse DA11503008
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Fig. D.2.1 RBSB behavior of the Westinghouse
DA 11503008. Second breakdown could not
be induced using only first base drive.
Test conditions: Ic = 60A; IBR = 8A;

= 2:4:QA =
IBF = 2;4,8A; VCLAMP 500V

Scale: 2 us/div: 100V/div.

Fig. D.2.2 RBSB behavior of the Westinghouse
DA 11503008. Second Breakdown could not
be induced using only first base drive.
Test conditions: I_ = 100A; I = 16A;

c BR
IBF = 8A; VCLAMP = 500V
Scale: 10 wps/div; 100V/div.
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. D,2.3 RBSB behavior of the Westinghouse

DA 11503008. The left trace corresponds
to SB test with 2nd base (SB occurs)
and the right corresponds to SB test
without 2nd base (SB does not occur).
Test conditions: IC = 20A; IBF = 4A;
Igp = 4A; Ipp, = 4;° 0A,

Scale: 2 pus/div; 100vV/div.

Fig, D.2.4 RBSB behavior of the Westinghouse

DA 99503008. The second base drive

employed.

Test conditions: I = 40A; I = 4A;
c BF

IBR = 4A; IBR2 = 8,4A.

Scale: 2 us/div; 100V/div
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D.3 Test Data of RBSOA of Fuji ETN81-055
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Fig. D.3.1. RBSB behavior of the Fuji ETN81-055.
Test conditions: Ic=20A; IBR=2A;

IBF=2’4’8A'
Scale: Srs/dlv; 100 v/dav.

ov

Fig. D.3.2. RBSB behavior of the Fuji1 ETN81-055.
Test conditions: I =20A; I__=4A;
(of BR
IBF=2,4,8A.

Scale: 2rs/d1v; 100 v/daiv.
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Fig. D.3.3. RBSB behavior of the Fuji ETN81-055.

Test conditions: I =20A; I__=8A;
o] BR

IBF=2,4,8A.

Scale: ZPS/le; 100 v/dav.

Fig. D.3.4. RBSB behavior of the Fuji ETN81-055.
Test conditions: I =40A; T__=2A;
c 3R
IBF=2'4’8A'
Scale: SIMS/le; 100 v/dav.
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Fig.

Fig.

D.3.5. RBSB behavior of the Fuji ETN81-055.

Test conditions: I =40A; I__=4A;
[o] BR

IBF=2'4'8A'

Scale: er/dlv; 100 v/dav.

— 1 f ] 2us
R
I. .

D.3.6. RBSB behavior of the Fuji ETN81-055.
Test conditions: I =40A; I__=83;
c BR
IBF=2'4'8A'
Scale: er/dlv; 100 v/dav.
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Fig. D.3.7. RBSB behavior of the Fuji ETN81-055.

Test conditions: I =60A; I__=2A;
c BR

IBF=2'4'8A'
Scale: Srs/dlv; 100 v/div.

Fig. D.3.8. RBSB behavior of the Fuji ETN81-055.
Test conditions: Ic=6OA; IBR=4A;

I__=2,4,8A. i
BF
Scale: 2rs/d1v; 100 v/div.

D.18

ov

oV



ov

Fig. D.3.9. RBSB behavior of the Fuji ETN81-055.
Test conditions: Ic=60A; IBR=8A;

IBF=2’4'8A'
Scale: 2rs/d1v; 100 v/dav.

ov

Fig. D.3.10. RBSB behavior of the Fuji ETN81-055.

Test conditions: I =80A; I__=23;
c BR
IBF=2'4'8A'

Scale: Srs/dlv; 200 v/dav.
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Fig. D.3.11. RBSB behavior of the Fuji ETN81-055.
Test conditions: Ic=80A; I._=4A;

IBF=2,4,8A.
Scale: 2rs/d1v; 200 v/div.

oV

Fig. D.3.12, RBSB behavior of the Fuji ETN81-055.

Test conditions: I =80A; I_ _=8A;
C BR

IEF=2,4,8A.
Scale: er/dlv; 100 v/dav.
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Fig. D.3.13. RBSB behavior of the Fuj:i ETN81-055.
Test conditions: Ic=100A; IBR=2A;

IBF=2,4,8A.
Scale: Srs/dlv; 200 v/dav.

oV

Fig. D.3.14, RBSB behavior of the Fuji ETN81-055.
Test conditions: Ic=lOOA; IBR=4A;

IBF=2'4’8A’
Scale: ZFS/le; 100 v/dav.
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Fiqg.

D.3.15. RBSB behavior of the Fuji ETN81-055.
Test conditions: I =100A; I__=8A;
c BR
IBF=2'4'8A'
Scale: 2rs/d1v; 100 v/div.
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D.4 - Test Data of RBSOA of Fuji EVM31-050
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Fig. D.4.1
Test conditions:
IBR = 8,4,2A.

Scale: 2 us/div;

ov

RBSB behavior of the Fuji EVM31-050

I = 20A; I _ = 2A;
c

BF

100V/div.

ov

Fig. D.4.2 RBSB behavior of the Fuji EVM31-050.

Test conditions:

Tpe = 84,24,

Scale. 2 us/dav;

D.24

I = 20A; I, = 4A;
c

BF

100V/div.
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Fig. D.4.3 RBSB behavior of the Fuji EVM31-050.
Test conditions: Ic = 20A; IBF = 8A;

IBR = §8,4,2A.
Scale: 2 us/div; 100v/div.

ov

Fig. D.4.4 RBSB behavior of the Fuji EVM31-050.
Test conditions: Ic = 40A; IBF = 2A;

IBR = 8,4,2A.
Scale: 2 us/div; 100v/div.
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Fig. D.4.5 RBSB behavior of the Fuji EVM31-050.
Test conditions: I = 40A; I = 4A;
c BF
IBR = 8,4,2A.
Scale: 2 ps/div; 100V/div.

ov

Fig. D.4.6 RBSB behavior of the Fuji1 EVM31-050.
Test conditions: I = 40A; I = 8A;
c BF
IBR = 8,4,2A.
Scale: 2 us/div; 100V/div.
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Fig. D.4.7 RBSB behavior of the Fuji EVM31-050.
Test conditions: Ic = 60A; I = 2A;

BF
IBR = 8,4,2A.
Scale: 2 ps/div; 100V/dav.

oV

Fig. D.4.8 RBSB behavior of the Fuji EVM31-050.
Test conditions: Ic = 60A; I = 4A;

BF
IBR = 8,4,2A.
Scale: 2 us/div; 100v/daiv.
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Fig. D.4.9 RBSB behavior of the Fuji EVM31-050.
Test conditions: Ic = 60A; IBF = 8A;

Ipp = 8,4,2A.
Scale: 2 us/div; 100V/div.

ov

Fig. D.4.10 RBSB behavior of the Fuji EVM31-050.
Test conditions: Ic = 80A; 1 = 2A;

BF
Igp = 8,4,2A.
Scale:; 2 us/div; 100V/div.
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Fig. D.4.11 RBSB behavior of the Fuji EVM31-050.
Test conditions: I = 80A; I = 4A;
c BF
IBR = 8,4,2A.
Scale: 2 us/div; 100v/div.

ov

Fig. D.4.12 RBSB behavior of the Fuji EVM31-050.
Test conditions: IC = 80A; 1 P S 8A;

B
IBR = 8,4,2A.
Scale: 2 us/div; 100v/dav.
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Fig. D.4.13 RBSB behavior of the Fuji EVM31-050.
Test conditions: Ic = 100A; IBF = 2A;

IBR = 8,4,2A.
Scale: 2 us/div; 100v/daiv.

ov

Fig. D.4.14 RBSB behavior of the Fuji EVM31-050.
Test conditions: I _ = 100A; I = 4A;
c BF
IBR = 8,4,2A.
Scale: 2 us/div; 100v/div.
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Fig. D.4.15 RBSB behavior of the Fuji EVM31-050.
Test conditions: I = 100A; I = 8A;
c BF
IBR = 8,4,2A.
Scale: 2 us/div; 100V/div.

oV

Fig. D.4.16 RBSB behavior of the Fuji EVM31-050.
Test conditions: IC = 120A; I = 2A;

BF
IBR = 8,4,2A.
Scale: 2 us/div; 100V/div.
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D.5 Test Data of RBSOA of Mitsubishi QM150DY-H
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Fig. D.5.1. RBSB behavior of the Mitsubishi

QM150DY-H. Test conditions:

IBR=2A; IBF=2,4,8A.

Scale: 2r\s/d1v; 100 v/dav.

Fig. D.5.2. RBSB behavior of the Mitsubishi

QM150DY-H. Test conditions:
IBR=4A; IBE=2’4'8A°

Scale: 2[4s/d1v; 100 v/div.
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Fig. D.5.3. RBSB behavior of the Mitsubishi
QM150DY-H. Test conditions: Ic=2OA;
IBR=8A; IBF=2'4’8A'

Scale: 2 rs/dlv; 100 v/dav.
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Fi1g. D.5.4. RBSB behavior of the Mitsubish:
QM150DY-H. Test conditions: Ic=4OA;
= T =
IBR 28; Iap 2,4,8A.
Scale: 2 PS/le; 100 v/dav.
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Fig. D.5.5. RBSB behavior of the Mitsubishi

QM150DY-H. Test conditions:

Igr=4R7 Igp

Scale: 2 rs/dlv; 100 v/div.

=2,4,8A.

Fig. D.5.6. RBSB behavior of the Mitsubishi

OM150DY-H. Test conditions:

IBR=8A; IBF=2,4,8A.

Scale: 2 rs/dlv; 100 vV/daiv.
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Fig. D.

IB
Sc

5.7. RBSB behavior of the Mitsubishi
QM150DY-H. Test conditions: Ic=6OA;

R=2A; IBF=2’4’8A'
ale: 2 rs/dlv; 100 v/div.
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D.6 Test Data of RBSDOA of Mitsubishi QM300HA-H
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Fig. D.6.1. RBSB behavior of theMitsubishi
QM300HA-H. Test conditions: Ic=20A;

R=2A; I_.=2,4,8A.

IB BF
Scale: 5 rs/dlv: 100 v/dav.

oV

Fig. D.6.2. RBSB behavior of the Mitsubishai
QOM300HA~H. Test conditions: Ic=80 A;
IBR=5A; IBF=1’2’4A'

Scale: 2 rs/dlv; 100 v/dav.
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D.7 Test Data of RBSOA of Mitsubishi QM300HA-2H
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Fig. D.7.1 RBSB test for the Mitsubisbi
QM300HA-2H. Device did not show SB
although the clamp voltage was set at
the highest value as well as collector

current.
Test conditions: Ic = 120A; IBR = 16A;
Tgp = 4A; Voo > 1100V

Scale: 5 us/div; 200V/div.
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D.8 Test Data of RBSOA of Toshiba ST200M
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Fig. D.8.1

Fi»., D.8.2

oV

RBSB behavior of the Toshiba ST200M.
Test conditions: IC=20A; IBR=2A; IBF=2;4;8A.
Scale 10rs/d1v; 200V /div.

ov

RBSB behavior of the Toshiba ST200M.

BR=4A; 1. .=2;4;8A,

Test conditions; IC"ZOA; I Inp

Ccale; 5rs/d1v; 200V /dav
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ov
Fig. D.8.3 RBSB behavior of the Toshiba ST200M.
Test conditions IC=20A BR =84; I —2;4;8A.
Scale: er/dlv; 200V /div.
oV

T.g. D.8.4 RBSB behavior of the Toshiba ST200M.
Test conditions: IC=40A; IBR=2A; IBF=2;4;8A.
Scale: lO/us/dlv; 200V /d1v.
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Fig. D.8.5 RBSB behavior of the Toshiba ST200M.

Test conditions: IC=40A; Iqn=4A; IBF=2;4’8A'
Scale: 5rs/d1v; 200V /dav.

NEREF =&/ 26/ 1

oV

Fig. D.8.6 RBSB behavior of the Toshiba ST200M.
. = . =8A. =2;4;8A.
Test conditions: 1-=404; IBR 8A, Inp 2;4;8
Scale: er/dlv; 200V/div.
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Fig. D.8.7. RBSB behavior of the Toshiba ST200M.
Test conditions. [,=604; Igg=24; IBF=2;4;8A-
Scale: IOrs/dlv;ZOOV/dlv.

ov

Fig. D.8.8 RBSB behavior of the Toshiba ST200M.
Test cond:tior.s: IC=6OA; I =4A; IBF=2;4;8A.
Scale: 5rs/d1v; 100V /div.

BR
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Fig. D.8.9 RBSB behavior of the Toshiba ST200M.
Test conditions: IC=60A; IBR=8A; IBF=2;4;8A.
Scale: Srs/dxv; 100V /div.

ov

Fig. D.8.10 RBSB behavior of the Toshiba ST200M.
Test conditions: IC=80A; IBR=2A; IBF=2;4;8A.
Scale: lOrs/dlv; 100V /div.
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Fig. D.8.11 RBSB behavior of the Toshiba STZ200M.
Test conditions: IC=80A; IBR=4A; IBF=2;4;8A.
Scale: 5rs/d1v; 100V /div.

ov

Fig. D.8.12 RBSB behavicr of the Toshiba ST200M.

Test conditions: IC:SOA; IBR=8A; I,.=2;4;8A.

Scale: qus/dlv; 100V /div.

BF
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Fig. D.8.13 RBSB behavior of the Toshiba ST200M.
Test conditions: IC=100; IBR=2A; IBF=2;4;8A.
Scale: 10rs/d1v; 100V/div.

ov

Fig. D.8.14 RBSB behavior of the Toshiba ST200M.

Test conditions: Ic=100A; I =4A;

Scale: Srs/dlv; 100V /div.

=2;4;8A.

BR Iar
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Fig. D.8.15 RBSB behavior of the Toshiba ST200M.

Test conditions: IC=100A; I

Scale: er/dlv; 100V/div.

BR=8A; IBF=2;4;8A.

ov

Fig. D.8.16 RBSB behavior of the Toshiba ST200M.
Ic=120A; =2A; =2;4;8A.
Scale: lors/dlv; 100V /div.

Test conditions:

Isr Ipp
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Fig.D.8.17 RBSB behavior of the Toshiba ST200M.
Test conditions: IC=120A; IBR=4A; IBF=2;4;8A.
Scale: Srs/dlv; 100V /div.

ov

Fig.D.8.18 RBSB behavior of the Toshiba ST200M.
Test conditions: IC=120A; IBR=8A; IBF=2;4;8A.
Scale: Zr\s/dlv; 100V/div.
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Fig.D.8.19 RBSB Test of the Toshiba ST200M taken
after fifty four repeatative tests (after
all tests on preceding figs.) Conditions:
IC=20A; IBR=8A: IBF-2;4;8A.
Scale: fo/dlv; 200V/dv.

(Compare this picture with that in fig.D.8.3)
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Fig. D.8.20 RBSB Test of the Toshiba ST200M taken
after fifty seven repeatative tests (after

all tests on proceding figs.) Conditions:

IC=40A; IBR=2; IBF=2A.
Scale: 10rs/d1v; ZOQV/dlv.

(Compare this picture with that in fig.D.8.4)
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D.9 Test Data of RBSOA of Toshiba ST300M21
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Fig. D.2.1 RBSB test for the Toshiba ST300M21
Test conditions: I _ = 20A; I__ = 2A;
c BR
IBF = 2,4,8A.
Scale: 5 ps/div; 200v/div.

ov

Fig. D.9.2 RBSB test for the Toshiba ST300M21
Test conditions: I = 20A; I = 4A;

c BR
e = 2,48A.
Scale: 5 us/div; 200V/div.
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Fig. D.9.3 RBSB test for the Toshiba ST300M21
Test conditions: Ic = 20A; I R 8A;

B
IBF = 2,4,8A.
Scale: 5 us/div; 200V/div.

ov

Fig. D.9.4 RBSB test for the Toshiba ST300M21
Test conditions: IC = 40A; I = 2A;

BR
IBF = 2,4,8A.
Scale: 5 us/div; 200V/div.
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Fig. D.9.5 RBSB test for the Toshiba ST300M21
Test conditions: IC = 40A; IBR = 4A;

IBF = 2,4,8A.
Scale: S us/div; 200v/div.

] @
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Fig. D.9.6 RBSB test for the Toshiba ST300M21
Test coditions: I = 40A; I = 8A;
c BR
IBF = 2,4,8A.
Scale: 5 us/div; 200V/div.
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Fig. D.9.7 RBSB test for the Toshiba ST300M21

Test conditions: Ic = 60A;
IBF = 2,4,8A.
Scale: 10 us/div; 200V/div.
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IBR = 2A;
oV

Fig. D.9.8 RBSB test for the Toshiba ST300M21

Test conditions: Ic = 60A; IBR =
IBF = 2,4,8A.
Scale: 5 us/div; 200V/div.
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Fig. D.9.9 RBSB test for the Toshiba ST300M21
Test conditions: Ic = 60A; IBR = 8A;

IBF = 2,4,8A.
Scale: 5 us/div; 200vV/div.

ov

Fig. D.9.10 RBSB test for the Toshiba ST300M21
Test conditions: I = 80A; I = 2A;
c BR
IBF = 2,4,8A.
Scale: 10 us/div; 200V/dwiv.
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Fig. D.9.11 RBSB test for the Toshiba ST300M21

Test conditions: I_ = 80A; I = 4A;
c BR

IBF = 2,4,8A.

Scale: 5 us/div; 200v/div.

ov

Fig. D.9.12 RBSB test for the Toshiba ST300M21

Test conditions: IC = 80A; I = §;

BR
I _=28;1 = 2.
BF BF

Scale: 5 us/div; 200V/div.
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D.10 Test Data of RBSOA of Toshiba ST400G21
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Fig. D.10.1 RBSB test for the Toshiba ST400G21
Test conditions: I _ = 20A; I = 2A;
c BR
T = 2,4,8A
Scale: 5 ps/div; 100V/div.

Fig. D.10.2 RBSB test for the Toshiba ST400G21
Test conditions: I = 20A; I = 4A;
c BR
IBF = 2,4,8A.
Scale!: 2 us/div; 100V/dav.
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Fig. D.10.3 RBSB test for the Toshiba ST400G21
Test conditions: Ic = 20A; IBR = 8A;

IBF = 2,4,8A.
Scale: 2 us/div; 100V/dav.

Fig. D.10.4 RBSB test for the Toshiba ST400G21
Test conditions: I = 40A; I = 8A;
c BR
IBF = 2,4,8A.
Scale: 5 us/div; 100V/div.
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Fig. D.10.5 RBSB test for the Toshiba ST400G21
Test conditions: Ic = 40A; 1 = 2A;

BR
IBF = 2,4,8A.
Scale: 2 us/div; 100v/div.

ov

Fig. D.10.6 RBSB test for the Toshiba ST400G21
Test conditions: I = 40A; 1 = 8A;
c BR
IBF = 2,4A.
Scale: 2 us/div; 100v/div.
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Fig. D.10.7 RBSB test for the Toshiba ST400G21
Test conditions: I = 60A; I__ = 2A;
c BR
IBF = 2A.
Scale: 5 us/div; 100V/div.
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D.11 Test Data of RBSOA of Toshiba ST400G
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RBSOA not characterized
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D.12 Test Data of RBSOA at Elevated Temperature
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Fig. D.12.1 RBSB test for the Fuj1 EVM31-050 at
T =30°C. Test conditions: I =20A; I__=2A;
c ] BR
IBF=2,4,8A.

Scale: 5§ rs/dlv; 100 v/dav.

Fig. D.
T
C

IB
Sc

12.2 RBSB test for the Fuji EVM31-050 at

=30°C. Test conditions: I =20A; I__=4A;
o] BR
F=2,4,8A.

ale: 2 rs/dlv; 100 v/dav.
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Fig. D.12.3 RBSB test for the Fuji EVM31-050 at
Tc=30°C. Test conditions: Ic=20A; I__=8A;

IBF=2,4,8A.

BR

Scale: 2 rs/dlv; 100 v/dav.

Fig. D.12.4 RBSB test for the Fuji EVM31-050 at
T =30°C. Test conditions: =40A; I__=2A;
c o] BR

= ,BA.
IBF 2,4,8

Scale: 2l1s/d1v; 100 v/div.
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Fig. D.12.5 RBSB test for the Fujir EVM31-050 at
T =30°C. Test conditions: I =40A; I =4A;
c c BR
IBF=2’4'8A'

Scale: 2 rs/dlv; 100 v/div.

Fig. D.12.6 RBSB test for the Fuji EVM31-050 at
T =30°C. Test conditions: I =40A; I =8A;
c C BR
IBF=2’4'8A'

Scale: 2 rS/le; 100 v/dav.
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Fig. D.12.7 RBSB test for the Fuji EVM31-050 at
T =30°C. Test conditions: =60A; I__=2A;
c c BR
IBF=2,4,8A.

Scale: 2 rs/dlv; 100 v/div.

Fig. D.12 8 RBSB test for the Fuji EVM31-050 at
T =30°C. Test conditions: I =60A; I__=4A;
c c BR
IBF=2'4’8A'

Scale: 2 rs/dlv; 100 v/daiv.
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Fig. D.12.9 RBSB test for the Fuji EVM31-050 at
T =30°C. Test conditions: I =60A; I__=8A;
c c BR

IBF=2,4,8A.

Scale: 2I4s/d1v; 100 v/daiv.

Fig D.12.10 RBSB test for the Fuji EVM31-050 at

T =30°C. Test conditions: I =80A; I__=2A;
c c BR
IBF=2’4’8A'

Scale: 2;1s/d1v; 100 v/dav.
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Fig. D.12.11 RBSB test for the Fuji1 EVM31-050 at
T =30°C. Test conditions: I =80A; I__=4A;
o] c BR
IBF=2,4,8A.
Scale: 2,1s/d1v; 100 v/dav.

Fig. D.12.12 RBSB test for the Fuji1 EVM31-050 at

T =30°C. Test conditions: I =80A; I__=8A;
c o] BR
=2,4,84.
IBF 2,4,8
Scale: 2[«s/d1v; 100 v/daiv.
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Fig. D.12.13 RBSB test for the Fuji EVM31-050 at
T =100°C. Test conditions: I =20A; I__=2A;
o] o] BR
IBF=2,4,8A.
Scale: ZI«s/dlv; 100 v/dav.

ov

Fig. D.12.14 RBSB test for the Fuji EVM31-050 at
T =100°C. Test conditions. I =20A; I__=4A;
c c BR
IBF=2,4,8A.

Scale: 2 Ps/dlv, 100 v/dav.
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Fig. D.12.15 RBSB test for the Fuji EVM31-050 at
Tc=100°C. Test conditions: IC=ZOA; I
IBF=2,4,8A.

pR-OA

Scale: er/dlv; 100 v/dav.

Fig. D.12.16 RBSB test for the Fuji EVM31-050 at
T =100°C. Test conditions: I =40A; I__=2A;
C c BR
IBF=2,4,8A.
Scale: 2 r s/div; 100 v/daiv.
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Fig. D.12.17 RBSB test for the Fuji EVM31-050 at
T =100°C. Test conditions: I =40A; I__=1A;
c c BR
IBF=2' 4,8A.

Scale: 2/45/d1v; 100 v/div.

Fig. D.12.18 RBSB test for the Fuj: EVM31-050 at
= o . = . = .
Tc 100°C. Test conditions: Ic 40A; IBR 8A4;
IBF=2,4,8A.
Scale: 2yqs/div; 100 v/dav.

{
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Fig. D.12.19 RBSB test for the Fuji EVM31-050 at
T =100°C. Test conditions: I =60A; I__=2A;
[o] c BR
IBF=2,4,8A.
Scale: 2 rs/dlv; 100 v/div.

Fig. D.12.20 RBSB test for the Fuj:i EVM31-050 at
T =100°C. Test conditions: I =60A; I_ _=4A;
o) ] BR
IBF=2,4,8A.
Scale: 2 rs/dlv; 100 v/div.
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Fig. D.12.21 RBSB test for the Fuji1 EVM31-050 at
T =100°C. Test conditions: I =60A; I__=8a;
c c BR
IBF=2'4'8A'
Scale: 2 rs/dlv; 100 v/dav.

Fig. D.12.22 RBSB test for the Fuji EVM31-050 at
T =100°C. Test conditions: I =80A; I_ =2A;
[o] c BR
IBF=2,4,8A.
Scale: 2 rs/dlv; 100 v/dav.
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Fig. D.12.23 RBSB test for the Fuji EVM31-050 at
T =100°C. Test conditions: I =80a; I__=4A;
o] o] BR
IBF=2,4,8A.
Scale: 2 Ps/dlv; 100 v/dav.

ov

Fig. D.12.24 RBSB test for the Fuji EVM31-050 at
T_=100°C. Test conditions. I _=80A; I,,=8A;
Ipp=2.4,84.

Scale. er/dxv; 100 V/div.
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D.13 Test Data of RBSOA with Second Base Drive
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Fig. D.13.1 RBSB behavior at the Westinghouse

KD324510 with the second base drive and
without the second base drive being used.
Test conditions: Ic = 20A; IBF = 4A;

IBR = 8,4,2A; IBRZ = 8,4,4A.

Scale: 2 us/div; -100V/div.
(The 1st, 3rd and 5th waveterms counting
from the left correspond to IBR = 8,4,2A

respectively while the 2nd, 4th and 6th

correspond to tests with I = 8,4,4A,
. BR2

respectively).
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Fig. D.13.2 RBSB behavior at the Westinghouse

KD324510 with the second base drive and
without the second base drive being used.
Test condtions: Ic = 40A; IBF = 4A;

IBR = 8,4,2A; IBR2 = 8,4,4A.

Scale: 2 us/div; 100V/div.

(The 1st, 3rd and 5th waveterms counting
from the left correspond to IBR = 8,4,2A

respectively while the 2nd, 4th and 6th
correspond to tests with IBRZ = 8,4,4A,
respectively’ .
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Fig, D.13.3 RBSB behavior at the Westinghouse

KD324510 with the second base drive and
without the second base drive being used.
Test conditions: Ic = 60A; IBF = 4A;

IBR = 8,4,2A; IBR2 = 8,4,4A.

Scale: 2 us/div; 100v/div.
(The 1st, 3rd and 5th waveterms counting
from the left correspond to IBR = 8,4,2A

respectively while the 2nd, 4th and 6th

correspond to tests with I = 8,4,4A,
- BR2

respectively).
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Fig. D.13,4 RBSB behavior of the Westinghouse

KD324510 with the second base drive and
without the second base drive being used.
Test conditions: Ic = 80A; IBF = 4A;

IBR = 8,4,2A; IBR2 = 8,4,4A.

Scale: 2us/div; 100V/div.
(The 1st, 3rd and 5th waveterms counting
from the left correspond to IBR = 8,4,2A

respectively while the 2nd, 4th and 6th
correspond to tests with IBR2 = 8,4,4A4,

respectively). .
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Fig. D.13.5 RBSB behavior of the Westinghouse
KD324510 with the second base drive being
used. Test conditions: I_ = 100A;

- . - . =c
IBF = 4A; IBR = 2; IBRz 4A

Scale: 2 us/div; 100V/div.

(The lst waveterm corresponds to the second
base drive test while 2nd represents test
without 2nd base drive.)
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Fig. D.13.6 Repeated RBSB tests for Westinghouse

KD324510 as a check of the SB characteristic
repeatibility. Test conditions: Ic = 80A;
IBF = 44; IBR = 8A.

Scale: 5 us/div: 100V/div.

(Note the same SB voltage for the same
conditions in Fig. D.13.4.)
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APPENDIX E
TEST DATA OF MOSFETs ON-RESISTANCE CHARACTERIZATION

E.1l




E.1 Test Data of On-Resistance Characterization of the IRF441

E.2
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Rds¢on) vs. ld for IRF 441 @ Tc=30 C
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Rds(on) vs. Id COMPARATIVE DATA for IRF 441 for Ugs=18U

Case
temp

+ 30
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o
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E.2 Test Data of On-Resistance Characterization of the RCA RFKI15N45
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L1727, PLT L.

Rds<¢on) vs,., ld for RFK 15NH45 @ Tc=308 C

[AY

1.8
i Ugs

1'6}- + 10
0 15

1.4

8 2 4 6 B8 101214161820222426268303234 36364042 44464556
DRAIN CURRENT-aNps
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Pig. D.2.2.

RdsCon? vs. l1d COMPARATIVE DATA for RFK 1SN45 for Ugs=10V

Case
1.8 temp
T + 30
Q0 75
1.6p * 100
1.4L
1.2L
1 L
8.8|L
0.6
e.4]
8.2
2 R

DRAIN CURRENT-amps
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E.3 Test Data of On-Resistance Characterization of the RCA RFK15N50

E.8
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RdsCon) vs. ld COMPARATIVE DATA for RFK 15N58 for Uas=18Yy

™

i Case
temp
1.8
i + 38
0?5
1.6] X 1080
1.4}
1.2L
1 &
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8.6L
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802_
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E.4 Test Data of On-Resistance Characterization of the Toshiba 2S5K356
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Fig. E.4.2
Rds(on) vs. Id COMPARATIVE DATA for 2SK 356 for Ugs=18V

Case
tenmp
5 75

8.8 % 100
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8.4] ‘AP””,,*

* *— ——
, + + + —— + —
8.2
8
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E.5 Test Data of On-Resistance Characterization of the Toshiba 25K386

E.14
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RdsCon> vs. ld for 2SK 386 @ Tc=30 C
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Rds¢on) vs. ld COMPARATIVE DATA for 2SK 386 for Ugs=18V
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DRAIN CURRENT-anps



APPENDIX F

TEST DATA OF MOSFETs SWITCHING TIMES CHARACTERIZATION

F.1



F.1 Test Data Switching Times Characterization of the IRF 441

F.2
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Tr vs, Id for IRF 441 @ Uds=20806U
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Fig. F.1.3.

Ton vs., Id for IRF 441 @ Uds=2p0U
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F.2 Test Data of Switching Times Characterization of the RCA RFK15N45
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F.3 Test Data of Switching Times Characterization of the RCA RFK15N50
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F.4 Test Data Switching Times Characterization of the Toshiba 2SK356
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F.5 Test Data of Switching Times Characteriyation of the Toshiba
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APPENDIX G

COMPARATIVE TEST DATA OF MOSFETs CHARACTERIZATION
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ATPENDIX H

TEST DATA OF MOSFETs PARALLEL OPERATION CHARACTERIZATION
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H.1 Test Data of Parallel Operation of the IRF 441
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Fig. i.1.1 Drain current waveforms of two IRF 441
devices connected in parallel at
20A load current.
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rig., H.1.2 Drain current waveforms of two IRF 441
devices 1in parallel during turn-on
phase at 20A load current.

Scale: 100ns/div; 2A/div.
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Fig. H.1.3 Drain current waveforms of two IRF 441
devices in parallel during turn-off
phase at 20A load current.

Scale: 100ns/div; 2A/dav.
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Fic. !1.1.4 Drain current waveforms of two IRF 441
devices connected in parallel at
40A load current.

Scale: 500ns/div; 5A/div.
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Fig. I1.1.5 Drain current waveforms of two IRF 441
devices in parallel during turn-on
phase at 40A load current.

Scale: 100ns/daiv; 5A/dav.
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Fig. H.1.6 Drain current waveforms of two IRF 441
devices 1n parallel during turn-off
phase at 40A load current.

Scale: 100ns/div; 5A/dav.

H.5



Drain current waveforms of two IRF 441
devices connected 1in parallel at
60A load current.

Scale: 500ns/div; SA/div.

b ama Gl Ny

Drain current waveforms of two IRF 441
devices 1in parallel during turn-on
phase at 60A load current.

Scale: 100ns/daiv; SA/dav.
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Fig. H.1.9 Drain current waveforms of two IRF 441
devices in parallel during turn-off
phase at 60A load current.

Scale: 100ns/div; S5SA/div.
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H.2 Test Data of Parallel Operation of the RCA RFK 15N45
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rig. H.2.1 Drain current waveforms of two RFK 15N45
devices connected 1n parallel at
20A load current.

Scale: 500ns/div; 2A/dav.
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Fin, 11.,2.2 Drain current waveforms of two RFK 15M45
devices connected 1in parallel during
turn-on phase at 20A load current.

Scale: 100ns/div; 2A/div.

H.9



1' (X2
!
1
t
i
'

[EROEOU S

{
i

T";'“ s

i
}
v
.

Pt e b

|
N
1
]
-+ »J
|

i + H . .
. g u Foaen
T ;-&-‘—t—&-r’—o—v-‘—wm-l—:-v :

!

B L £ T T

GND

Drain current waveforms of two RFK 15N45
devices connected in parallel during
turn-off phase at 20A load current.

Scale: 100ns/div; 2A/dav.

GND

Drain current waveforms of two RFK 15N45
devices connected 1n parallel at
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11.2.5

Drain current waveforms of two RFK 15N45
devices connected in parallel during
turn-on phase at 40A load current.

Scale: 100ns/div; 5A/div.
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F.2.6

Drain current waveforms of two RFK 15N45
devices connected 1n parallel during
turn-off phase at 40A load current.

Scale: 100ns/div, SA/div.
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Tiz. 11.2.7 Drain current waveforms of two RFK 15N45
devices connected in parallel at
60A load current.
Scale: 500ns/div; 5A/div.
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Fig. H.2.8 Drain current waveforms of two RFK 15N45
devices connected 1in parallel during
turn-on phase at 60A load current.

Scale: 100ns/div; 5A/div.
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80A load current.
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H.3 Test Data of Parallel Operation of the RCA RFK 15N50
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Drain current waveforms of two RFK 15N50
devices connected in parallel at
20A load current.

Scale: 500ns/div; 2A/dav.

GND

Drain current waveforms of two RFK 15N50
devices connected in parallel during
turn-on phase at 20A load current.

Scale: 100ns/div; 2A/dav.
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Drain cyrrent waveforms of two RFK 15N50
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Fig.

devices connected in parallel during

turn-off phase at 20A load current.

2a/dav.
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Scale
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Drain current waveforms of two RFK 15N50

devices connected 1n parallel at

40A load current.

SA/dav.

500ns/div;

Scale
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GND
Fig. 11.2.5 Drain current waveforms of two RFK 15N50
devices connected 1in parallel during
turn-on phase at 40A load current.
Scale: 100ns/div; 5A/div.
-
13
E
GND

Mg, B.3.6 Drain current waveforms of two RFKX 15N50
devices connected 1in parallel during
turn-off phase at 40A load current.

Scale: 100ns/div; SA/dav.

H.18



i
2
i
3
1
1
31
i
1
b
i
i
!

g.

Fip.

H.3.7

1.3.8

GND

Drain current waveforms of two RFK 15N50
devices connected 1n parallel at
60A load current.

Scale: 500ns/div; sa/dav.

GND

Drain current waveforms of two RFK 15NS0
devices connected 1in parallel during
turn-on phase at 60A load current.

Scale: 100ns/div; 5A/div.
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GND
Fie. 11.2.0 Drain current waveforms of two RFK 15N50
devices connected 1in parallel during
turn-off phase at 60A load current.
Scale: 100ns/div; 5A/div.
GND

Fig. I'.3.10 Drain current waveforms of two RFK 15NS0
devices connected 1n parallel at
80A load current.

Scale: 500ns/div; 10A/dav.
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Fig. 11.3.11

F1

Z

11.3.12

GND

Drain current waveforms of two RFK 15N50
devices connected in parallel during
turn-on phase at 80A load current.

Scale: 100ns/daiv; l10A/div.

Drain current waveforms of two RFK 15N50
devices connected in parallel during
turn-off phase at 80A load current.

Scale: 100ns/div; 10A/div.
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H.4 Test Data of Parallel Operation of the Toshiba 2SK356
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GND

Fig. H.4.1 Drain current waveforms of two 2SK356
devices connected 1n parallel at
20A load current.

Scale: 500ns/div; 2A/div.

GND

Fig. [1.4.2 Drain current waveforms of two 25K356
devices connected in parallel during
turn-on phase at 20A load current.

Scale: 100 ns/div; 2A/div.
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Fio. 11.4.3 Drain current waveforms of two 2SK356
devices connected in parallel during
turn-off phase at 20A load current.

Scale: 100 ns/dav; 2A/dav.
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Drain current waveforms of two 2S5K356
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devices connected 1n parallel at
40A load current.

Scale: 500ns/div; 5A/div.
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Fig. H.4.5 Drain current waveforms of two 2SK356
devices connected 1n parallel during
turn-on phase at 40A load current.

Scale: 100 ns/div; 5a/div.

GND

Fig. i1.4.6 Drain current waveforms of two 2SK356
devices connected in parallel during
turn-off phase at 40A load current.

Scale: 100 ns/div; 5A/div.
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GND
Fig., H.4.7 Drain current waveforms of two 2SK356
devices connected in parallel at 60A
load current.
Scale: 500 ns/div; 5A/div.
GND

Tig. H.4.8 Drain current waveforms of two 2SK356
devices connected in parallel during
turn-on phase at 60A load current.

Scale: 100 ns/div; sga/daiv.
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Fig. I1.4.9 Drain current waveforms of two 2SK356
devices connected in parallel during
turn-off phase at 60A load current.

Scale: 100 ns/div; 5v/daiv.
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H.5 Test Data of Parallel Operation of the Toshiba 25K386
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fig. H.5.1 Drain current waveforms of two 2SK 386

devices connected 1n parallel at

10A load current.

Scale: 500ns/div; lA/div.
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Drain current waveforms of two 2SK 386
devices connected in parallel during
turn-on phase at 1l0A load current.

Scale: 100ns/div; lA/div.
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Fig. 11.5.4

GND

Drain current waveforms of two 2SK 386
devices connected 1in parallel during
turn-on phase at 10A load current.

Scale: 100ns/div; 1lA/div.

GND

Drain current waveforms of two 2SK 386
devices connected 1in parallel at
20A load current.

Scale: 500ns/div; 2A/div.
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GND

Fig. H.5.5 Drain current waveforms of two 2SK 386
devices connected in parallel during
turn-on phase at 20A load current.

Scale: 100ns/div; 2A/div.

GND

Fig. 1.5.6 Drain current waveforms of two 2SK 386
devices connected in parallel during
turn-off phase at 20A load current.

Scale: 100ns/div; 2a/div.
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GND

[".5.7 Drain current waveforms of two 2SK 386
devices connected 1in parallel at
20A load current after 3min operation.
Current robbing observed.

Scale: 500ns/div: 2A/div.

GND

1.6 2 Drain current waveforms of two 2SK 386
devices connected 1n parallel at
30A load current.

Scale: 500ns/div; 5A/div.
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GND

Fig. H.5.9 Drain current waveforms of two 2SK 386
devices connected 1n parallel during
turn-on phase at 30A load current.

Scale: 100ns/div; SA/div.

GND

Fig. I1.5.10 Drain current waveforms of two 2SK 386
devices connected in parallel during
turn-off phase at 30A load current.

Scale: 10C0ns/div, 5A/dav.
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GND

Fig., H.5.11 Drain current waveforms of two 2SK 386
devices connected in parallel at
30A load current after 3miu operation.
Current robbing observed.

Scale: ©500ns/div: 5SA/dav
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